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Page  53. 

A  statistical  analysis  of  irregular  quasi-optical  lin9s  (bean  guides) 
with  the  aid  of  computer  (s) 1 . 

M.  N.  Voytovich. 

FOOTNOTE  ».  Article  is  writter  based  on  aaterials  cf  author's 
candidate  dissertation  "The  simulation  of  irregular  bean  guides  in 
the  electronic  computers".  IIEPCCTHOTB. 

Is  set  forth  the  aethod  of  the  study  of  the  irregular 
quasi-o?tical  (lens  or  mirror)  lines  of  electromagnetic  energy  with 
the  aid  of  the  simulation  of  such  lines  in  the  electronic  computer; 
are  given  some  results  of  analysis. 

Introduction. 

Several  years  ago  quasi-cptical  lines  [1-3]  proposed  (called 
sometimes  beam  guides)  proved  to  be  very  effective  means  for  the 
transmission  of  power  in  the  range  of  millimeter  and  submillimeter 
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electromagnetic  waves*  Such  lines  have  acceptable  transverse 
sizes/diaensions  and  possess  sufficiently  saall  radiation  losses.  In 
the  simplest  case  the  beam  guide  is  large-period  system  from  the 
optical  eleaents/cells  (lenses,  mirrors)  ,  which  focus  wave  beams. 
These  eleaents/cells  are  called  phase  correctors,  since  in  the 
quasi-optical  approxiaaticn/apprcach  essential  is  only  their  effect 
cn  phase  field  distribution. 

Baal  bean  guides,  as  a  rule,  imperfect;  in  then  are  present  one 
or  the  other  heterogeneities,  which  carry  the  random  character:  an 
inaccuracy  in  production  and  installation/ setting  up  of  correctors, 
displacement  and  deformation  of  correctors  in  the  process  of 
operation,  with  the  very  small  transverse  sizes/dine nsions  of 
correctors  (it  is  more  precise,  small  numbers  of  Fresnel  c=ka*/L, 
where  k  -  wave  number  in  the  void,  a  -  transverse  si za /dimension ,  L  - 
the  distance  between  the  correctors  beam  guide  is  one-mode,  all 
waves,  except  one,  fundamental,  are  propagated  in  it  with  the  high 
attenuations.  During  the  analysis  they  are  irregular  beam  guides  in 
this  case  it  is  considered  only  transformation  on  the  heterogeneities 
of  fundamental  wave  into  the  waves  of  the  highest  types,  and  inverse 
transformations  they  disregard.  As  a  result  for  determining  the 
average/mean  losses  in  the  bean  guide  with  the  random  heterogeneities 
it  suffices  to  determine  the  losses  of  wave  on  one,  average/mean  in 
the  value,  heterogeneity  and  to  multiply  by  the  total  number  of 
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heterogeneities  [4,  5]. 

Energy  losses  in  the  one-aode  beam  guide  depend  substantially  on 
the  fora  of  phase  correctors*  i.e. ,  froe  the  law  of  change  by  the 
corrector  of  phase  field  distribution. 

Page  54. 

It  is  possible  to  find  such  fores  of  the  correctors  (in  any  case*  in 
this  or  another  class)  *  which  will  provide  on  the  average  the 
greatest  stability  of  beaa  guide  to  the  random  heterogeneities  of  the 
specific  type  (for  exaaple*  see  £6]^  However*  even  with  the  optiaua 
forms  of  correctors  in  the  sufficiently  long  beam  guides  losses  are 
comparatively  great.  Por  example*  with  c=1.5»  in  the  beaa  guide  whose 
correctors  are  subjected  to  randoa  shifts/shears  on  the  average  to 
0.15  of  radius*  due  to  the  selection  of  form  it  is  possible  to  lcwer 
losses  only  to  the  level  0.5  dB  to  one  corrector.  In  order  to 
decrease  the  losses*  it  is  necessary  to  switch  over  to  systans  with 
jAr^e.  numbers  of  Presnel  c.  In  this  case  the  beaa 

guide  becones  substantially  lultiacde*  on  each  heterogeneity  occurs 
the  transf oraation  of  one  its  cwn  wave  into  another  and  bach*  the 
structure  of  fiald  at  the  output  considerably  becomes  complicated. 
However*  in  the  presence  of  the  corresponding  receiving  system  such 
beaa  guides  it  is  possible  to  use. 
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la  the  extreme  case  of  infinite  c  analysis  by  the  irregular  of 
beae  guides  it  is  possible  to  carry  cut  according  to  the  lavs  of 
geoeetric  optic/optics,  interpreting  beae  by  infinitely  thin  bean  and 
studying  ths  trajectory  of  this  ray/beam.  In  the  presence  of  ran  doe 
heterogeneities  the  ray/beaa,  generally  speaking,  vill  differ  froa 
the  axis  of  bean  guide.  The  properties  of  beam  guide  are  determined 
by  the  characteristics  of  the  randon  variable  of  this  divergence.  The 
very  iaportant  fron  these  characteristics  is  the  probability  of 
retaining/preser ving/maintaining  the  ray/beau  in  the  beam  guide, 
i.e.,  probability  that  not  on  cne  of  the  correctors  the  amount  of 
deflection  exceeds  the  sizes/diaensicns  of  aperture. 

The  results  of  geometric-optical  analysis  have  limited 
application.  Tha  fact  is  that  the  beams,  which  are  propagated  in  the 
real  beam  guides,  have  finite  transverse  dimensions*  (c  -  it  is 
always  certain,  although  it  can  be  sufficiently  large). 

FOOTNOTE  1 .  The  transverse  sizes/dimensions  of  beam  are  of  the  order 
Y 2fiK  V(4f/L)  —  i ,  whare  f  -  focal  length  of  correctors.  ENDPOOTNOTE. 

The  output  of  geometric  ray/beaa  beyond  the  limits  of  aperture  dees 
not  complately  mean  that  entire/ali  energy  of  bean  is  lost:  some  part 
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of  it  nevertheless  remains  in  the  beam  guide  and  in  a  specific  manner 
it  is  propagated  further.  On  the  other  hand,  if  ray/beam  approached 
sufficiently  close  to  the  edge  of  corrector,  then  this  means  that  its 
"facing/trimaing"its  its  beam  bit  by  certain  its  part  beyond  the 
limits  of  corrector.  Beam  shape  in  this  case  is  distorted,  and  its 
further  propagation  no  longer  can  be  described  by  the  trajectory  of 
ray/beam.  Thus,  geometric-optical  approach  can  be  reliably  applied 
only  in  the  case  when  is  negligibly  snail  the  probability  of  the 
approach  of  ray/beam  even  closely  tc  the  edge  of  any  corrector.  Por 
this  either  the  bean  guide  must  be  sufficient  to  short  ones,  so  that 
ray/beam  doss  not  manage  still  it  vill  approach  the  edge  or 
heterogeneities  are  so  small  in  the  value  that  for  entire 
elongation/extent  of  beam  guide  they  do  not  talcs  away  ray/beam  far 
from  the  axis.  In  any  of  these  cases  the  width  of  beam  must  be 
sufficiently  small  in  comparison  with  the  sizes/dimensions  of  the 
apertures  (c  -  it  is  sufficiently  great)  . 

Page  55. 

By  the  most  acceptable  metbcd  of  tha  analysis  of  irregular  beam 
guidas  with  finite  numbers  of  Fresnel  (not  so  small  that  it  would  be 
possible  to  consider  the  beam  guide  one- mode)  they  are,  apparently, 
the  simulation  of  such  beam  guides  to  the  computer (s) ,  the 
set/di^ling  of  the  corresponding  statistical  material  on  the  uniform 
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totality  of  modals  the  treatment  of  this  material  the  aethods  of 
aatheaatical  statistics.  In  order  to  construct  the  nodal  of  irregular 
beaa  guide,  it  is  necessary  tc  assign  the  values  of  heterogeneities, 
also,  on  the  known  field  of  exictation  taking  into  account  these 
heterogeneities  to  deteraine  field  at  the  output  of  the  beaa  guide. 
During  this  simulation  it  is  necessary  to  determine  field  in  one 
section  of  the  beaa  guide  (let  us  say,  at  the  input  of  certain 
corrector)  on  the  field  in  other  section  (at  the  output  of  the 
preceding/previous  corrector)  when  between  these  sections  the 
heterogeneities  are  absent.  This  can  be  Bade  directly  by  Huygens's 
principle  *  approximate  solution  of  the  equation  of  Harwell.  However, 
the  straight/direct  computation  of  appearing  in  this  case  integrals 
requires  high  computational  expenditures  and  aakes  it  possible  tc 
simulate  only  separate  beaa  guides  [7].  But  the  conclusion/output, 
aade  on  the  separate  models,  it  is  not  possible  to  consider  reliable. 
Is  described  below  recept icn/prccedure  [8,  9],  with  the  aid  of  which 
the  integration  is  replaced  by  matrix  transformation;  this 
substantially  decreases  the  space  of  computations  and  is  made  itself 
with  that  actually  attained  the  simulation  of  large  statistically 
unifora  ensembles.  Of  the  comparison  of  different  models  of  one 
ensemble  it  is  possible  to  determine  not  only  middle  of  the 
characteristic  of  beam  guide,  hut  also  the  character  of  the 
distribution  of  its  parameters  around  its  average/mean  values. 
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DESCRIPTION  OP  METHOD. 


For  simplification  in  the  translation  from  the  corrector  to  the 
corrector  the  field  in  the  cross  section  of  beam  guide  should  be 
deconposed/expanded  in  the  series/row  along  selected  in  a  specific 
manner  complete  systee  of  functions.  The  effectiveness  of  resolution 
and  entire  method  to  a  considerable  degree  depends  on  the  selection 
of  such  base  line  of  functions.  Most  convenient  for  the  multi-honey 
beam  guilds  proves  to  be  the  system,  selected  from  the  following 
considerations.  As  is  known  [10,  11],  Gaussian  beam,  propagating,  in 
the  irregular  beam  guide  with  infinite  correctors  (c=«) ,  is  not 
changed  its  form,  but  only  it  is  displaced  according  to  the  laws  of 
geometric  optic/optics.  Logical  to  assume  that  with  final  c  the  team 
has  sufficiently  simple  structure,  in  any  case  until  it  approaches 
closely  to  the  edge  of  corrector.  This  fact  can  be  utilized, 
connecting  specifically  the  center  of  resolution  on  each  correct cr 
with  the  position  of  beam  on  it,  for  example,  after  taking  as  the 
center  of  resolution  the  "center  of  gravity"  of  beam. 

Page  56. 


With  this  approach  it  is  not  possible  to  utilize  as  the  base  line 
ones  its  own  waves  of  beam  guide  with  the  limitad  correctors;  since 
the  canter  of  resolution  is  displaced  with  respect  to  the  center  of 
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corrector,  the  interval  where  these  waves  are  daterained,  it  doas  aot 
coincida  with  the  aperture1. 

FOOTNOTE  *,  In  work  [12]  it  is  proposed  as  the  base  line  ones  to 
utilize  its  own  waves  of  beaa  guide  with  the  liaited  correctors, 
■cabled"  to  the  center  of  corrector.  A  def iciency/lack  in  this  aethod 
is  the  fact  that  the  analytical  expressions  for  their  own  waves  are 
known  only  confocal  beaa  guides:  on  the  other  hand,  with  increase  cf 
c  increases  a  quantity  of  waves,  which  have  in  effect  zero  losses,  so 
that  with  large  c  series/rows  greatly  badly/poorly  converge. 
ENDPOOTNOTE. 


Sore  convenient  are  their  own  waves  of  beaa  guide  with  the 
infinite  correctors,  described  by  polynoaials  of  Laguerre  (for  the 
two-dimensional  case  -  Heraite)  [13].  These  waves  are  determined  on 
the  entire  infinite  plane  (straight  line)  and  satisfy  the 
requirements  of  simplicity  of  translation  from  one  corrector  to  the 
next  -  with  the  translation  VSS  the  integrals  are  calculated  in  an 
explicit  form.  As  a  result  of  integration  is  obtained  the  new 
beginning  of  resolution;  it  is  determined  from  the  same  formula  that 
also  the  trajectory  of  geometric  ray/beam,  but  can  be  artificially 
touched  up  for  decreasing  the  quantity  of  the  waves  considered.  At 
the  same  time  is  separ ated/literated  certain  ge ne ral/common/total  for 
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all  waves  phase  factor,  which  characterizes  the  direction  of  further 
propagation  of  beaa.  In  all  these  expressions  to  be  contained  the 
inforaation  about  the  heterogeneities,  connected  with  the  position  of 
the  preceding/pre vious  corrector  and  a  change  in  the  direction  of  the 
axis  of  beaa  guide.  The  account  cf  the  liaitedness  of  correctors  and 
heterogeneities  of  the  type  cf  the  fluctuation  of  the 
sizes/diaansions  of  correctors  is  conducted  on  each  corrector  with 
the  aid  of  certain  aatrix/die  cf  the  transformation  of  wave 
amplitudes  without  a  change  in  the  center  of  resolution?. 

POOTNOTE  *.  Analytical  formulas  for  the  simulation  of  beaa  guides 
with  the  random  transverse  shifts/shears  of  correctors  are  given  in 
(8-9).  ENDPOOTNOTE. 

If  focal  lengths  change  from  one  corrector  to  the  next,  then  in  each 
stage  it  is  necessary  to  transform  base  line  system,  cabling  its  each 
time  to  its  corrector  (with  its  distance).  This  transformation  is 
conducted  by  the  augmented  matrix  of  coupling  coefficients. 

Thus,  for  the  simulation  of  separate  beam  guide  is  assigned  the 
exciting  field,  to  all  heterogeneities  are  assigned  the  specific 
random  values  (for  example,  to  each  corrector  it  is  assigned  certain 
shift/shear)  and  via  translation  fields  from  the  corrector  to  the 
corrector  taking  into  account  known  heterogeneities  will  be 
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determined  field  at  the  output  cf  beaa  guide.  Fields  at  the  input,  on 

the  intermedia  ta  correctors  and  at  the  output  are  assigned  by  the 

set/dialing  of  wave  amplitudes  and  by  the  coordinate  of  the  center  of 

resolution.  The  consecutive  transforaations  of  these  amplitudes  are 

conducted  with  the  aid  of  the  aatrices/dies  of  coupling  coefficients. 

These  matrices/dies,  generally  speaking,  are  infinite,  but  the 

corresponding  evaluations/estimates  make  it  possible  to  replace  by 

their  final  ones,  i.e. ,  tc  consider  a  finite  number  of  waves, 

reaching  in  this  case  the  preset  accuracy.  If  we  require,  for 

example,  so  that  the  power  of  all  disregarded  on  one  corrector  waves 

would  not  exceed  10-3  dB,  then  in  the  calculations  it  will 

participate  only  10-15  waves.  This  makes  it  possible  to  simulate 

during  one  hour,  on  a  computer  of  type  BESM-2M  (3  thousand  operations 
in  1  second),  about  100  bean  guides,  which  consist  of  100  corrections 
each. 

Page  57. 

OSE  OF  SIMULATION  FOR  THE  ANALYSIS  OF  I38EQJLAB  BEAM  GUIDES. 


0e  will  be  restricted  here  to  the  examination  of  bean  guides 
with  random  transverse  displacements  of  correctors  -  among  all 
possible  heterogeneities  the  heterogeneities  of  such  type  introduce, 
as  a  rule,  the  greatest  losses. 
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On  the  aodels  of  separate  bean  guides  vith  the  displacement  is 
detected  the  so-called  cushioning  effect  of  bean.  Pig.  1 
schematically  dapicts  the  section  of  certain  bean  guide.  Solid  line 
designated  the  trajectory  of  geoaetric  ray/beaa;  on  by  shrine 
trajectory  would  be  propagated  the  center  of  bean,  correctors  were 
not  liaited.  Due  to  the  finiteness  of  the  correctors  (it  is  assuaed 
that  they  they  are  included  in  the  absolutely  absorbing  diaphragas) 
the  real  trajectory  of  bundle  (dotted  line)  differs  froa 
geometrio-eptical.  This  divergence  it  becomes  noticeable  beginning 
froa  that  corrector  bundle  approaches  sufficiently  closely  to  the 
edge,  so  that  the  essential  part  of  the  energy  falls  diaphraga.  As  a 
result  the  trajectory  of  bundle  soaewhat  is  smoothed ,  approaching  an 
axis  of  beam  guide. 

Por  explaining  this  effect  let  us  present  field  on  each 
corrector  in  the  fora  of  the  superposition  of  its  own  waves  of  beam 
guide  with  the  substantially  liaited  correctors;  reference  point 
consistent  with  the  center  of  the  corrector,  on  which  is  conducted 
the  resolution.  As  has  already  been  aentioned,  such  waves  were 
determined  in  the  limits  of  aperture  and  have  different  losses,  which 
increase  vith  the  nuaber  of  wave,  and,  i f  c  is  not  very  small,  then 
the  losses  of  several  first  waves  are  negligible.  The  greater  c,  the 
greater  the  slowly  decaying  waves. 
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Pig.  1. 


Page  5  8. 


In  the  process  of  the  propagation  of  bundle  along  the  irregular  team 
guide  occurs  the  transf oraaticn  of  its  own  waves;  the 
re nova 1/distance  of  bean  froa  the  axis  of  fceaa  guide  Beans  that  as  a 
result  of  repeated  transformations  appear  the  waves  with  by  ever  more 
fine  numbers,  and  the  share  of  the  lowest  waves  in  the  bundle  falls. 
Thus  far  bundle  does  not  approach  closely  to  the  edge  of  corrector. 
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it  consists  only  of  the  waves  whose  losses  are  negligible;  bean  shape 
in  this  case  is  not  distorted,  tut  its  trajectory  coincides  with  the 
geometric-optical.  And  only  with  the  approach  of  bundle  to  the  edge 
in  the  resolution  are  developed  waves  with  the  noticeable  losses, 
they  rapidly  attenuate,  and  as  a  result  in  the  frane  reaain  only  the 
slowly  decaying  waves.  Due  tc  this  bundle  it  is  driven  out  fron  the 
edge  of  corrector,  since  in  it  disappear  the  waves,  which  have 
noticeable  amplitude  on  the  edge  (and,  naturally,  noticeable  losses), 
this  and  there  is  damping  bundle.  The  damping  the  more  strong,  the 
less  the  number  of  Presnel  c;  the  greatest  damping  possess  the 
mentioned  above  one-mode  beam  guides  -  in  them  the  trajectory  of 
bundle  actually  coincides  with  the  line  of  centers  of  correctors. 

According  to  the  results  of  the  simulation  of  the  statistically 
uniform  ensembles  of  irregular  beam  guides  it  is  possible  to 
construct  the  density  curves  of  the  distribution  of  losses*;  the 
typical  form  of  such  curves  for  the  beam  guides  of  different  length 
is  represented  in  Fig.  2. 

FOOTNOTE  *.  Probability  that  value  P  of  losses  in  the 
concrete/specific/actual  bean  guide  will  prove  to  be  interval  (Pt, 

P2)  $  can  be  determined  on  the  density  of  distribution  p  (p)  as 

p. 

p(P,  <P<P,)~  J  p[P)dP. 


follows: 
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ENDPOOTNOTE. 

In  the  character  of  these  carves  is  developed  the  qualitative 
difference  between  the  aultiecde  (solid  lines)  and  one-node  (dotted 
line)  beaa  guides.  For  the  one-eode  beaa  guides  the  function  of 
density  of  distribution  it  has  Gaussian  form  -  the  nost  probable 
values  of  losses  in  such  beaa  guides  are  the  values,  close  to  the 
averages.  Probability  that  the  irregular  one-aode  beaa  guide  will 
have  losses,  considerably  differ  froa  the  averages,  is  negligibly 
saall.  Por  the  aultiaode  beaa  guides  the  density  of  distribution  of 
losses  takes,  as  a  rule,  the  dcuble-huaped  fora.  This  aeans  that  nost 
probable  are  either  the  very  large  or  very  low  losses,  and  the 
probability  of  the  appearance  cf  losses,  close  to  the  averages,  it  is 
comparatively  saall.  In  the  liiit  (c-»-  due  to  the  decrease  of 
wavelength)  the  bundle  in  the  aultiaode  beaa  guide  degenerates  into 
the  infinitely  thin  ray/beaa,  and  then  losses  in  the  beaa  guide  are 
equal  either  to  0  (ray/beam  reached  the  end/lead  of  the  bean  guide), 
or  1  (ray/beaa  on  any  corrector  exceeded  the  limits  of  aperture)  .  The 
average/nean  value  of  losses  P  in  this  case  is  equal  to  the 
probability  of  the  fact  that  the  ray/beam  will  not  reach  the  end/lead 
of  the  beaa  guide. 
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Page  59. 

Density  of  distribution  becoaes  sub  two  delta  -  functions  with  the 
a  ppro  pri  a te  we ig  ht s 

p(P)  -  (1  - P) 6(P)  +  Pfi(l  —  P) 

-  the  limiting  case  of  double-bumped  distribution. 

Randoa  heterogeneities  (fcr  example,  the  transverse 
displacements  of  correctors)  will  appear  and  change  in  the  time  even 
in  the  initially  well  adjusted  beam  guide.  Proa  this  point  of  view 
the  double-peaking  of  the  density  curves  of  distribution  means  that 
the  significant  part  of  the  time  the  bean  guide  will  work  with  the 
large  losses.  If  we  consider  also  that  the  presence  of  large  losses 
in  the  multimode  beam  guide  unavoidably  antails  the  strong  distortion 
of  shape  of  beam  (these  losses  they  can  appear  only  on  leaving  of  the 
part  of  the  bundle  beyond  the  liiits  of  the  aperture  of  what  -  first 
corrector) ,  then  will  become  obvious  the  undesirability  of 
double-humped  distribution.  In  order  to  decrease  the  probability  of 
the  appearance  of  large  losses,  it  is  necessary  to  maka  a  trajectory 
of  the  bundle  of  of  smoother,  without  making  it  possible  fcr  it  to 
approach  edges  of  correctors.  By  one  of  the  methods  to  achieve  this 
is  the  use  of  long-focus  correctors.  As  is  known,  the  degree  of  a 
change  in  the  trajectory  of  geometric  ray/team  by  the  shifted 
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corrector  the  lass,  the  greater  the  focal  length  of  corrector.  On  the 
other  hand,  in  the  bean  guides  with  the  long-focus  correctors  are 
foraed/shaped  broader  beans  and,  therefore,  in  then  and  the  daaplng 
is  aore  strong.  True,  focal  length  cannot  be  increased  infinitely; 
finally,  bundle  is  expanded  so,  that  appear  the  large  losses  on  each 
corrector.  Naturally  appears  the  task  about  the  optiaaa  focal  length 
(for  exaaple,  in  the  sense  cf  the  ainiaun  of  the  average/aean  value 
of  losses) .  The  solution  of  this  prcblen  can  be  obtained,  by 
sinulating  the  ensanbles  of  bean  guides  and  by  comparing  the  averaged 
results  for  different  focal  lengths.  Optinua  focal  length  depends  on 
the  root -aean- square  value  of  shift/shear  A  (Fig.  3)*. 

FOOTNOTE  *.  The  results  of  Fig.  3  are  aore  precise  than  gives  formula 
(23)  in  [9],  ENDFOOTNOTE. 

It  turned  out  that  the  optimum  in  sense  indicated  above  beam  guides 
possess  the  very  important  property;  in  then  the  density  function  of 
the  distribution  of  losses,  as  a  rule,  Gauss-like,  i.e.,  losses  in 
the  cone rate /specific/ act ual  realizations  of  such  bean  guides  are 
close  to  the  averages. 
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Pig.  2. 

Pag©  60. 

This  fact,  together  with  the  sufficiently  low  level  of  average/mean 
losses  (order  15o/o  to  10  0  correctors  with  c=25  and  A=0.  la),  shows 
the  advisability  of  the  search  fcr  optimum  focal  lengths. 

However,  on  the  series/row  of  technical  reasons  production  and 
use  of  long-focus  correctors  proves  to  be  sometimes  difficult. 
Moreover,  the  dependence  of  optimum  focal  length  from  A  requires  the 
preliminary  knowledge  of  the  average  value  of  displacement  by  which 
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can  be  subjected  the  correctors:  and  this  is  not  always  possibla. 
There  are  other  reasons,  which  sake  it  necessary  to  search  for  other 
ways  of  decreasing  the  losses  in  the  irregular  beae  guide.  One  of 
such  paths  it  is  possible  to  consider  the  automatic  tuning  of 
separate  correctors,  for  exaaple  the  introduction  through  the 
specific  cuts  of  the  beam  guide  of  the  artificial  displacement  of 
correctors,  calculated  so  that  they  would  bring  the  trajectory  of 
bundle  closer  to  axis.  For  the  simulation  of  beae  guides  with  the 
self-alignment  it  is  necessary  to  consider  the  additional  losses, 
unavoidable  with  that  or  other  aethod  of  tuning,  and  also  possible  in 
this  case  error.  Since  all  this  depends  on  the 

concrete/specific/ actu al  schematic  of  tuning  and  technical  equipment, 
its  realizing,  we  will  be  restricted  for  the  illustrative  targets  to 
the  idealizad  case,  namely,  let  us  suppose  that  several  correctors 
bundle  are  derived/concluded  to  the  axis  by  the  displacement  of  two 
adjacent  correctors  and  to  the  additional  lossas  in  this  case  they 
are  not  introduced.  Fig.  4  gives  the  density  of  distribution  of 
losses  in  the  confocal  beam  guides  cf  different  length  with  the 
tuning  through  10  correctors. 


DOC  *  8  1082201 


PAGE  19 


Page  61. 

Curves  correspond  to  Fresnal's  paraneter  c=25  and  root-nean-sguare 
value  of  shif ts/shaars  n=0.08  a.  As  it  follows  from  the  given  curves 
with  the  aid  of  the  self- alignaent  it  is  possible  to  considerably 
lower  the  level  of  losses  even  in  the  very  long  bean  guides  (order  - 
several  hundred  correctors);  in  this  case  the  distribution  of  losses 
around  their  average/aean  value  proves  to  be  very  dense. 


»9  gave  only  some  results  cf  those  which  can  be  obtainad  by  the 
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siaulatioa  cf  beat  guides  on  the  coaputar(s)  (hnd,  apparently,  inacce 
s^ble  or,  at  least,  poorly  accessible  when  other  methods  are  used). 
By  this  method  it  is  possible  to  investigate  bean  guides  with 
different  means  of  heterogeneities.  In  particular,  there  IS  great 
interest  in  the  study  of  bean  guides  with  the  correlated 
heterogeneities,  for  example,  beam  guide  with  the  random  curves 
of  axis.  Preliminary  simulation  will  bring  .the  specific  benefit 
also  during  the  layout  of  real  routes. 
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Page  62. 

OHE  USE  OP  HETHODS  OF  THE  STATISTICAL  THBOBT  OP  AHTENHAS. 

G.  S.  Bogoslovskiy,  V .  A.  Usic. 

Are  examined  questions  of  the  use  o£  methods  and  the  apparatus 
for  the  statistical  theory  of  antennas  for  determining  the 
statistical  characteristics  of  the  "noise"  of  transparent  dielectric 
films.  Are  given  the  experimental  results,  obtained  during  the 
investigation  of  the  photographic  films  of  some  types. 

POBHULATION  OP  THE  PROBLEH. 

The  question  about  the  determination  of  the  statistics  of  the 
"noise"  of  transparent  dielectric  films  arises,  for  example,  in 
connection  with  the  fact  that  at  present  frequently  they  resort  to 
the  recording  of  information  cn  the  photographic  materials  of 
different  forms  (films,  plates,  etc.).  So  they  enter,  for  example,  in 
the  holography,  with  the  mapping  of  thp  earth’s  surface  with  the  aid 
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of  the  locators  of  lateral  survey/coverage  with  the  synthesized 
aperture  and  in  a  nunber  of  other  cases.  General/com mon/total  in  this 
case  is  need  for  recording  and  playback  of  inforaation  not  only  about 
the  amplitude,  but  also  about  the  phase  of  the  fixed/recorded 
procsss.  The  latter  will  be  always  distorted  due  to  the  "noise"  of 
the  photographic  material,  which  appears  as  a  result  of  inaccuracies 
in  its  profile/airfoil,  that  appear  in  the  process  of  production.  The 
"noise"  of  dielectric  fila,  naturally,  will  determine  the  potential 
characteristics  of  the  systeas,  in  which  the  photographic  natarial  is 
the  data  carrier,  and  to  distort  this  inforaation. 

The  statistics  of  rough  screens  -  naaely,  such  is  film  - 
frequently  characterized  by  dispersion  and  by  a  radius  of  the 
correlation  of  distortions.  He  will  also  consider  that  for  the 
quantitative  evaluation  of  the  degree  of  the  distortion  of 
inforaation  it  is  necessary  to  determine,  first  of  all,  and  p  of 
the  "noise"  of  photographic  material. 

Is  given  below  one  of  the  possible  methods  of  solving  stated 
problem.  Only  method  consists  of  the  following.  Coherent  light  wave 
is  passed  through  the  fila.  By  this  distorted  wave  they  irradiate  the 
opening/aperture  of  known  geometric  fora.  Information  about  and  p 
of  "noise"  of  film  is  obtained,  analyzing  diffraction  pattern  from 
the  opening/aperture. 
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DESCRIPTION  OP  METHOD. 

Let  opening/aperture  in  the  opaque  screen  -  square  with  side  L  - 
they  irradiate  by  the  plane  wave  of  coherent  light/world,  which  falls 
normal  to  screen. 

Page  63. 

Have  processes  in  this  system  are  described  in  accordance  with 
Hnygens-Kir chhof f • s  principle  by  the  integral 

E^ssJt[Es-LJ—ds>  <*> 

where  £s  -  value  of  field  E  on  surface  of  S, 

#c=2n/l  -  wave  number, 

H  -  distance  between  eleaent/cell  ds  of  surface  S  and  point 
observation  M,  in  which  is  searched  for  field  E. 

Examining  problem  in  the  approximation/approach  of  Kirchhoff, 


making  common  for  a  remote  zone  assumptions  and  omitting  unessential 
for  analysis  constant  factors,  let  us  rewrite  (1)  in  the  fora 
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I* Of.  Sh)  =  A (x,  y)e'*x  +  '*,!' dxdy  = 

m 

1)  —  u  (x—  !)][«(£/  +  l)—u(y—  \)\e^x+i^  dx  dy.  (2) 


A/e  re  A0  -  amplitude  of  the  incident  to  the  opening/aperture 


wave. 


u(z)  = 


1  i/pH  2  >  0* 
1  ^ 

Y  nPH  2  =  o. 


0  npw  z  <  0 


—  eaHHHHHafl  4)VHKUHfl. 


Key:  (1).  with.  (2).  unit  function. 

^  =  Y^sin0,  sin(D  -the  generalized  angles;  x=2x*/L,  y=2y'/l*  - 

reduced  coordinates  in  the  plane  of  opening/aperture  l. 

FOOTNOTE  *.  The  reference  point  cf  coordinates  corresponds  to  the 
center  cf  opening/aperture.  E HD FOOT NOTE. 

After  placing  in  the  reacte  zone  of  opening/aperture  recorder, 
let  us  fix  the  distribution  of  the  intensity  of  light  in  the 
diffraction  pattern 
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IMS’.  'h)l*=^JJJJ[«(x+  1)  — «(x— 1)1[U  (*,  +  !)- 

—  u(xl—\)\[u(y+  1  )  —  u(y—  1)J [u (t/j  -h  1)  — 

—  u  (i/!  —  1)]  e‘ +  <x  “  x*' + 1  ** <Jf  ~  yt)dx  dxt  dy  dyv  (3) 

This  distribution  contains  information  about  the  size/dimension  of 
opening/a  pert ura  L. 

Let  us  assume  now  that  the  incident  wave  passes  preliminarily 
through  the  transparent  optical  heterogeneity  -  photographic  file. 
Let  us  assume  that  it  does  not  change  amplitude  distribution,  but 
introduces  as  a  result  of  the  heterogeneity  of  thickness  the  random 
phase  displacement  *{x,  y)  into  the  transmitted  wave. 

The  distribution  of  intersity  for  this  realization  of  random 
process  *{xt  y )  takes  the  following  form: 

//(>{»,  iWI*  “  ^ojjff  (“(*+  1)  —  U(X—  1)1  [«(*!+  1)—  U(Xl—  l)J 
X[k(p+  1  )  —  u(y—  1)1  [u  (fc+  1)  —  u(yi—  1)]\ 

x  eU*<*.  V) -*<*•  y«)] e1 1* <*  —  •*•> -+-** (i,  —  cfy  dyx.  Hi 


Page  64. 

In  distribution  (4)  is  contained,  obviously,  the  information  not 
only  about  the  sizes/dimensions  of  opening/aperture,  but  also  about 
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the  paraneters  of  the  optical  heterogeneity,  which  caused  random 
phase  shift. 

If  we  average  (4)  on  the  ensenble  of  realizations  #(x,  y) ,  then 
it  is  possible  to  obtain  the  information  already  about  the 
statistical  characteristics  cf  the  "noise"  of  fila.  The  corresponding 
distribution  of  intensity  takes  the  fora 

|70Mhji*  (*  +  !)  —  “(*—  l)lt«(**+ 1)— «(*»— IMX 

+  1) — u(y —  l)][u(i/i+  1)  —  u\yx  —  I)JX 

x  e<tfU.  <*,  *>J  e«WU-«.)  +  4,(jr-y.,J  dxdXtdyd^  p) 

Let  us  note  that  relationship/ratio  (5)  is  analogous  with  the 
appropriate  formulas  of  the  statistical  theory  of  antennas  [1,  2]. 
This  will  allow  us  subsequently  to  use  soae  results  of  work  [2], 

From  the  distribution  of  intensity  (5)  it  is  possible  to  already 

extract  inforaation  about  the  interesting  to  us  parameters  a2  and  p, 

as  this  was  done,  for  exaaple,  in  [2].  Actoally/really,  in  the 

statistical  theory  of  antennas  [1,  2]  are  designed  average/mean 

radiation  patterns  for  the  sufficiently  large  range  a2  and  p. 

Comparing  with  them  the  experiaertally  specific  distributions  of 
♦*)!*» 

intensityA  it  is  possible  with  the  specific  degree  of  accuracy  to 
rate/estimate  these  paraneters.  one  should  immediately  be  specified 
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that  with  this  nethod  of  deteraination  «2  and  p  [3]  are  utilized  the 
a  priori  assuaptions  about  tbe  fora  of  the  correlation  coefficient. 
Hhile  conducting  calculations  in  £1,  2]  this  fora  was  assuned  to  be 
exponential  or  Gaussian.  Although  it  is  possible  to  assuae  that  for 
the  aonotonically  coll apsible/drcpped  correlation  coefficients  the 
results  will  be  siailar,  at  least  gualit at ively  [2],  it  is  of 
interest  to  exaaine  the  aethods  cf  deternination  of  •*  and  p,  which 
do  not  require  the  a  priori  assuaptions  indicated. 

He  will  use  for  this  expression  (5|  .  Converting  it  according  to 
Fourier,  we  will  obtain 


f(|/(*.  *>)|*1  =  iM* e~ ' *,~,*‘ **</*<* ~ 

—mm 

=  A\  jjfjjj  [u(x  -i-  1)  —  u(x —  l)Jl«(Xj+l)— l^X 
X  [u(y+  1)  —  u(y—  1)  —  «(P,+  !)IX 

eifT  (X.  I el  l*  (^  -  x,  +  V)  +  H)J  ^  iXi  dy  dyyd^d  ^  (6) 


Page  65. 

After  changing  the  order  of  integration  in  (6),  let  us  calculate  at 
first 

and  then,  after  using  the  filtering  property  of  6-function  and  after 
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replacing  the  variable/alternating 

xi-x  — yx-y  —  v, 

let  as  rewrite  expression  (6)  in  the  fora 

_  m 

nH*  W\  -  A\  J  J  [u  (x  +  1)  -  u  (x  -  1)1  [u  (x  -  *+ 1)  -  (jt — v — 1))  x 

Xl«(P+  1)  —  u(y  —  1)1 1«  (y  —  fi+  1)  —  u(y  —  p  —  1)1  a 

x  eu*c.  k-»di  dx dy  (?) 


For  the  coeputation  in  integral  in  the  right  side  of  expression  (7) 
it  is  necessary  to  make  the  specific  assumptions  relative  to  random 
process  *(xry).  Let  us  assume  that  *(  x,y)  -  two-dimensional  normal 
stationary  random  process  with  the  zero  average.  This  assumption  is 
logical  in  connection  with  the  fact  that  i$  view  of  the  variety  of 
the  factors,  which  operate  on  tfce  film  in  the  process  of  its 
production,  must  be  fulfilled  the  central  limit  theorem. 

Under  these  assumptions  we  will  use  fcr  computing  the  integral 
in  right  side  (7)  expression  for  the  characteristic  function  of  a 
difference  in  random  variables  [4].  Then  we  obtain 

F\\fW,  [«(*  +  1)— u(x— 1)1  [u(x  —  v+1)  —  u(x— v— 1)1\ 

Xlu(y  +  l)  —  u{y—  1)1  [«(!/  —  v  +  1)  — u(y— —  l)]e-a’[1_r<v,t))  x 
Xdxdy  =  ^A(v)A(p)e-0*[1-,(v• ,i,)*  (8) 


Here 
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1  +  y  npw  —  2  ^  t  < 

I - npw  0  <  x  <  2, 

(fO 

0  npH  ocTa^bHux  r, 


Key:  (1)  with.  (2)  with  repairing  r. 


<r*  —  o*  —  the  dispersion  of  randoa  process  #(x,y). 


r( v,  m  —  the  coefficient  of  correlation  of  randoa  process  *(x,y) 


After  taking  the  logarithm  of  relationship/ratio  (8),  and  also 

converting  expression  (3)  analogous  with  (5),  let  us  record 

In  F 11/  (*,  iM1]  =*  In  [v4J  A  (v)  A  ([»))  -  o*  [  1  -  r  (v,  *)],  (9) 

lnf[|/0(ip,  ^i)|*l  =  ln[i4»A(v)A(H)J.  (10) 

Deducting  (9)  froe  (10),  we  will  obtain 

Inffl/oty,  ifc)!*]  —  lnfl|/(i(»,  ^i)H  =  o*[l  —  r(v,  *»>).  (11) 


Page  66. 


In  (11)  is  contained  all  infornation  about  the  correlation 
function  of  randoa  process  *  (x,  y) .  Bearing  in  ■ind/that  r(v,  p) 
vanishes  when  v,  p-*-oo.  it  is  possible  from  (11)  to  determine 
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dispersion,  and  then  the  radius  of  the  correlation  of  errors  at  the 
assigned  level. 

After  ae&saring  |/,fa.  *i|*  end  |7fa,  it  is  possible  to  realize 
algoritha  (11)  with  the  aid  of  ccaputer(s)  or  with  the  aid  of 
electro-optical  circuits. 

In  both  cases  it  is  necessary  to,  first  of  all,  measure  the 
averaged  distribution  of  intersity  |/fa,  $i|2-  Let  us  ezaaine  one  of  the 
possible  methods  of  this  measureaent. 

Experiaental  determination  iA'M’011.  Bvaluati on/estimate  of  the 
parameters  of  the  "noise"  of  film. 

For  experiaental  determination  Ufa,  was  utilized  the 

installation  whose  schematic  was  given  in  Fig.  1. 

As  the  source  of  coherent  light  1  was  utilized  the  laser  in  the 
one-mode  mode/conditions.  The  parameters  of  ray/beaa  at  the  output  of 
collimator  2  and  installation  were  selected  so  that  the  distribution 
of  light/world  in  the  limits  of  opening/aperture  in  opaque  screen  6 
would  be  uniform. 

Recording  image  was  conducted  by  photometric  method.  The 


i 
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distribution  of  light/world  in  the  diffraction  pattern  they 
photographed  by  mirror  camera  7  (type  "Zenit"),  located  in  the  focal 
plana  of  converting  lens  6.  The  Obtained  iaage  they  scanned 
photometrically  on  the  recording  microphotometa r  HP-4. 

During  recording  of  distribution  |/o($,  (Pig.  2a)  the  fill  3 

(Pig.  1)  being  investigated  they  removed  from  the  path  of  ray/bean. 
During  the  arrangement/positior  with  tha  path  of  the  ray/beaa  of  the 
motionless  film  being  investigated  they  recorded  the  "instantaneous" 
distribution  of  intensity  (Pig.  2b,  c) .  Por  recording  the  averaged 
distribution  ty)  |*  the  s  am  pie/specimen  of  the  film  3  being 

investigated  they  revolved  with  the  aid  of  electrical  micromotor  4 
(Pig.  1)  .  The  visually  observed  effect  of  averaging  is  illustrated  by 
Fig.  2d.  Th9  obtainad  as  a  result  of  photometric  measurement 
graphs/curves  compared  with  the  calculated  ones  and  according  to  the 
results  of  comparison  were  rated/estimated  values  of  #*  and  p. 
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Pig.  1 


Page  67. 


In  connection  with  the  fact  that  the  calculations  were  carried  out 
for  principal  planes  of  square  aperture,  for  the  coaparison  with  them 
were  utilized  experimental  cartes  1 1  (0,  |2  cr  |/(^,  0)  |* 

Before  passing  to  the  discussion  of  experimental  results,  it  is 
necessary  to  note  the  following.  The  value  of  the  linear  section 
characteristic  curve  recording  photographic  film  is  insufficient  so 
that  to  it  they  would  hit  the /nain  and  ainor  lobes  of  distribution 
Ujy,  ^i)  |2.  Therefore  photography  it  is  necessary  to  produce  several 
times  with  different  exposures,  and  then  "to  join"  the  obtained 
results.  Exposure  can  be  changed,  changing  value  of  luminous 
'lux  with  the  aid  of  calibrated  optical  filters  [4]  or  changing  the 
time  of  exhibition.  As  the  standard  for  the  construction 
characteristic  curve  recording  photographic  film  was  utilized  well 
known  distribution  'Ml2  for  the  square  opening/aperture. 
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Accuracy  of  measurements  ty  -IO0/0  with  a  drop/juap  in  the 
intensities  of  20-25  dB. 

Here  aeasured  distributions  |/(>,  ^i)|-  for  the  support/base  of  a 
film  of  the  type  "flikrat  300".  Measurements  were  Bade  for  the  square 
openings/apertures  with  sides  L=0.15;  0.25;  0.30  mm.  The  set/dialing 
of  openings/apertures  was  utilized  on  tha  following  reasons.  Values 
of  *2  and  p  are  daterained  by  the  data  by  the  saaple/speciaen  of 
fila.  However,  calculated  curves  |/(<j>,  0)  |s  ( |/(0,  ypi)  |2)  are  constructed  for 
the  set /dialing  of  values  <»2  and  relative  radius  of  correlation 
c=2p/L.  It  means,  changing  L,  we  obtain  the  possibility  to 
rate/9Stiaate  tha  "stability"  of  experimental  results,  i.e.,  to  judge 
how  is  justifiable  the  use  of  calculated  curves,  constructed  under 
the  specific  assumptions  about  the  form  of  the  correlation 
coefficient,  for  the  e valuaticn/estimata  of  *2  and  p.  The  legitixacy 
of  such  assumptions  can  be  confirmed  by  the  coincidence  of  the 
evaluations/estiaates  of  «2  and  p,  obtained  in  the  measurements  with 
the  openings/apertures  of  different  sizas/dimensions. 

The  results  of  experiment  are  illustrated  by  the  graphs /cur  ves 
of  Fig.  3a,  b,  c  for  the  square  openings/apertures  with  L  =  0.  15;  0.25; 
0.3  an  respectively.  On  all  graphs/curves  are  plotted/applied 
experimentally  taken/remo  ved  distributions  0)|2  (by  saall 

circles)  ,  and  also  calculated  curves,  constructed  for  the  values 
9 2=0. 2 ,  o=4,  6,  8  for  the  exponential  fora  of  the  coefficient  of 
correlation  (broken  lines). 
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Page  70. 


Fig.  3.c, 

Key:  (1)  dB.  (2)  data  of  experiment. 

page  71. 


calculated  curves  for  the  Gaussian 


fora  of  the  correlation 
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coefficient  qualitatively  differ  little  fro*  those  constructed.  Froe 
the  figures  evidently,  the  obtained  results  qualitatively  confiri  the 
positions  of  the  statistical  theory  of  antennas  [1,  2]  about  the 
character  of  the  distortions  of  average/ ae an  radiation  pattern 
(average/nean  diffraction  pattern). 

Pros  the  analyses  of  the  obtained  results  it  is  possible  to 
establish/install  the  following: 

1.  .Statistical  characteristics  of  the  "noise"  of  the 
investigated  filn,  obtained  via  comparison  with  calculated  curves, 
are  rated/estimated  by  the  following  values: 

a)  for  the  exponential  fcr«  of  the  correlation  coefficient: 

L  =  0,15  **:  a*  ss;  0,2,  (p«0,6  mm)- 

L  —  0,25  **:  a*is:0,2,  c«  5,6  (p=s0,7  **); 

L  —  0,30  **:  a* « 0,2,  css 4  (pss 0,6  **); 

b)  for  the  Gaussian  fora  of  the  correlation  coefficient: 

1  =  0,15**:  o*«0,3,  css 5,4  (pss0,40'**); 

L  =  0,25  **:  o*ss0,3,  c  s=  3,5  (pss0,45  **); 

L  =  0,30  **:  (j*«0,3,  c=s  2,6  (p=s0,40  **). 

2.  Results  of  neasureaents  strongly  do  not  depend  on  the 
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size/dina nsion  of  tha  utilized  cpening/aperture,  and  the  latter  can 
be  selected  from  the  conditions  of  convenience  in  the 
experiae  ntation. 

3.  Estimatas  of  the  aagnitude  of  »2  and  p,  obtained  for  the 
different  fora  of  the  correlation  coefficient,  have  one  order,  but 
they  depend  on  the  fora  of  the  correlation  coefficient.  Therefore  to 
■ore  preferably  utilize  such  aethods  of  the  evaluations/estiaatas,  in 
which  is  not  required  a  priori  assumptions  about  the  fora  of  the 
correlation  coefficient. 

In  conclusion  the  authors  consider  it  their  pleasant  duty  tc 
express  appreciation  to  professor  7a.  S.  Shifrin  for  the 
oanagsnent/manual  of  this  work  and  V.  I.  Zamyatina  for  the 
participation  in  her  discussion. 
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DIRECTED  DIVIDERS  ON  THE  HETAL-DIELECTRI C  HAVEGUIDES. 

v.  F.  Dubrovin,  D.  I.  Mirovitskiy,  L.  S.  Osipov. 

In  the  article  are  presented  the  results  of  developing  the 
structurally/construct urally  simple  directed  dividers  of  power  SVCh 
on  the  metal-dielectric  waveguides  in  which  the  use  of  new  principle 
of  beam  comaunication  ensurad  high  electrical  characteristics  in  the 
broadband.  The  production  cf  dividers  in  the  series  production  is 
realized  by  methods  of  printed  technology. 

Por  the  two-channel  directed  divider  cf  power  in  the  centimeter 
wave  band  are  given  fundamental  electrical  and  structural/ design 
characteristics. 

iith  each  year  to  the  lines  of  transmission  of  energy  SVCh  are 
presented  all  new,  often  opposite,  the  requirements.  Here  and  the 
requirement  of  the  decrease  cf  sizes  of  cress  section  (in  the 
decimeter  range) ,  and,  on  the  contrary,  their  increase  (in  the  range 
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of  millimeter  aad  submill imete r  waves),  the  requirement  of  low 
losses,  good  screening  frcn  the  environment  and  the  at  the  same  tiee 
convenient  access  into  the  internal  cavity  of  waveguide.  Especially 
urgent  are  problems  the  broad-hand  character  of  the  waveguide  lines 
of  transmission  (and  also  nodes  on  their  basis)  and  transmission  of 
large  power  SVCh. 

Nona  of  the  known  transmission  lines  satisfies  to  that 
enumerated,  in  many  respects  contradictory,  to  requirements,  and 
therefore  are  natural  the  constant  searches  for  the  new  types  of 
lines  and  development  for  different  functional  units,  which  satisfy 
at  least  partially  these  requirements. 

One  of  the  promising  lines  of  transmission,  proposed  by  Tusher 
[1]  and  that  investigated  by  a  number  of  the  authors  [2-U],  is 
H-shaped  metal-dielectric  waveguide  (Pig.  1). 
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Fig.  1. 

Page  73. 

Fundamental  lowest  vibration  node  is  here  symmetrical  H0i(I>Eoi)  wave. 
The  special  feat ore/peculiarity  of  this  wave  it  is  "cutoff"  with  any 
sizes/dimensions  of  waveguide.  During  the  use  of  dielectrics  with  the 
large  dielectric  permeability  {fcr  example,  ceramics  of  titanates  of 
calcium  and  strontium  e— 100-15C  and  tg6s6.10“4) ,  this  waveguide  is 
suitable  fcr  the  uses/applications  the  lowest  frequencies  S7Ch  of 
range.  In  work  [5]  shown  that  at  the  frequency  of  1  GHz  with 
identical  sizes/dimensions  cl  the  cross  section  of  a  H-  waveguide  and 
track  the  linin,  filled  with  a  dielectric  of  the  type  Rexolite  (e«2,54; 
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tgd»5.  10-4),  ths  first  possesses  the  considerably  larger  capacity  (2 
oil;  50  kW  of  peak.  In  this  case  the  longitudinal  sizes/diaensi cns  of 
eleoents/cells  and  nodes  on  a  8-  waveguide  prove  tc  be  several  tioes 
of  lass  than  th2  sizes/diaensi ons  of  the  corresponding  nodes  on  the 
strip  line,  and  linear  energy  losses  (to  the  wavelength)  descend 
2-2.5  tioes. 

On  the  other  hand,  in  [3]  it  was  indicated  the  advisability  of 
using  H-  waveguides  on  the  oillineter  and  submillimeter  waves  with 
others  lowest  of  oscillation/vitration  (by  wave  Lflu).  on  this  wave 
(with  the  exception/alioinaticn  of  the  highest  vibration  modes)  are 
obtained  the  maximum  sizes  of  the  cross  section  of  a  H-  waveguide. 
This  leads  to  the  low  losses  and  the  possibility  to  canalize  high 
power  levels  SVCh.  The  character  of  a  change  in  the  losses  with  the 
frequency  here  is  anomalous  (losses  decrease  with  an  increase  in  the 
frequency),  is  the  same  as  in  the  circular  waveguide  with  H01  by 
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wave.  Tha  absence  o£  longitudinal  ones  is  such  in  the  metallic  vails 
of  H-  waveguides  with  LMj  t  by  wave  it  simplifies  their  mating. 

The  enumerated  positive  special  features/peculiarities  of  a  H- 
vaveguida  were  occasion  for  the  beginning  of  tha  investigation  of  the 
series/rov  of  broadband  nodes  and  elements/cells  on  its  bass,  most 
frequently  utilized  in  the  technology  SVCh,  these  as  two  -  and 
multichannel  directed  dividers  cf  power,  the  directional  couplers, 
the  hybrid  and  rotating  joints,  different  filters,  detector  caps, 
etc.  In  the  present  work  are  described  the  results  of  developing  the 
two-channel  directed  divider  cf  power  on  the  metal-dielectric 
waveguide. 

EXCITATION  OF  HETAL-DI ELECT  E IC  S  AVEGOIDE. 

Fundamental  wave  H0»  in  the  metal-dielectric  waveguide  is  most 
simply  excited  by  rectangular  waveguide  with  wave  H10  (upon  their 
coaxial  inclusion/connection)  . 

The  selection  cf  width  h  of  the  dielectric  plate  of  waveguide 
and  its  dielectric  permeability  *e  was  conducted,  on  the  basis  of  the 
following  contradictory  reguile aents.  On  one  hand,  it  followed  as  far 
as  possible  more  strong  "to  connect"  electromagnetic  field  with  the 
dielectric  so  that  in  the  place  cf  an  abrupt  change  in  the  boundary 


DOC  =  81082203 


PAGE 


conditions  (upon  transfer  frca  the  rectangular  metallic  waveguide  to 
the  metal-dielectric)  reflection  would  be  minimum. 

Page  74. 

For  meeting  of  this  requirement  the  cross  section  of  the  wave  tube, 
in  which  is  localized  basic  part  of  transmitted  power,  must  be  egual 
(or  it  is  less),  to  the  cross  section  of  rectangular  waveguide.  On 
the  other  hand,  for  guaranteeing  the  directed  branching  off  of  power 
should  be  ensured  the  conditions  of  the  weak 

"connect ion/co mm unicat  ion"  of  wave  with  the  dielectric  strip  of  line. 
Each  conditions  it  proved  tc  be  possible  to  ensure  during  the  use  of 
a  dialactric  of  the  type  CT-5  with  e— 5  and  tg6=6.10— if  we  select 
strip  with  a  width  of  h=4  mm.  It  was  taken  into  consideration, 
besides  the  fact  that  for  the  waveguide  of  the  conventional  section 
10x23  mm2  there  is  a  standard  transition  in  the  section  4x23  mm2.  As 
a  result  of  the  independence  cf  the  fields  of  wave  H0l  from 
coordinate  x,  hsight/altitude  fc  of  metal- dielectric  waveguide  it 
proved  to  be  possible  for  convenience  in  the  coupling  to  also  take  as 
equal  to  4  mm.  Thus,  as  a  result  of  calculations  and  experiments 
optimum  was  the  square  section  cf  dielectric  strip  (b=h=4  mm).  The 
connection  of  metal-dielectrio  and  metallic  waveguides  was  realized 
by  the  standard  collars,  shewn  in  Fig.  2,  where  was  depicted  the 
general  view  of  the  developed  two-channel  directed  divider.  The 
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converter  of  a  H10~i,aV8  of  metallic  waveguide  into  a  #0I-  wave  of 
metal-dielectric  waveguide  was  made  in  the  form  of  dielectric  key 
with  a  length  of  l  (being  the  ccntinuation  of  dielectric. strip) , 
introduced  into  the  metallic  waveguide.  ?• 

During  the  arrangement/position  along  the  axis  of  the  metallic 
waveguide  of  the  selected  dielectric  strip  (h=b=4  mm.  e~5)  the  field 
is  concentrated  it,  and  on  side  metallic  walls  -  it  is  very  small. 
This  made  it  possible  without  the  essential  reflections  to  transmit 
signal  from  the  rectangular  into  the  metal-dielectric  waveguide,  in 
spite  of  the  sharp  break  cf  the  walls  of  waveguide. 
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Pig.  2. 

Page  75. 

The  results  of  neasureaent  of  KSVN  [ VSWR  ]  in  the  band  of  fraguencie 
of  7.5-10.5  GHz  (Af=*— 16. 5o^  )  are  given  inTable  1  for  several 
lengths  of  wedge-shaped  adapter.  Let  us  note  that  KCBH*mC  wa s 
observed  on  the  low-frequency  edge  of  working  wave  band.  This  is 
explained  in  essence  by  the  decrease  (with  a  decrease  in  the 
frequency)  of  transverse  wave  cuaber  in  region  X  (Pig.  1)  .  i.e.,  in 
the  dielectric  strip,  and  therefore  by  an  increase  in  the  cross 
section  of  "wave  tube".  The  latter  leads  tc  an  increase  in  the  rcle 
of  the  reflections  of  the  part  of  the  energy  of  the  section  of  the 
sharp  break  of  side  walls  in  the  exciting  aetallic  waveguide. 
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Relative  decrease  with  an  increase  in  the  wavelength  of  the  evenness 
of  tapered  Batcher  plays  saaller  role,  which  tale  is  confiraed 
experiments  with  the  Batching  keys  for  which,  in  spite  of  an  increase 
in  length  1  in  sore  than  50  aa,  the  value  of  VSWH  does  not  decrease. 

COPHASAL  DIRECTED  BRANCHING  CF  ELECTROMAGNETIC  ENERGY  IN  DIELECTHIC 
WAVEGUIDES 


During  the  investigation  of  the  propagation  of  the 
deferred-action  electroaagnetic  waves  in  the  connected  dielectric 
waveguides  is  experimentally  discovered  [6,  7]  the  presence  of  the 
cophasal  directed  branching  of  electroaagnetic  energy  into  the 
lateral  circuit,  which  intersects  at  sharp  angle  with  the  fundamental 
dielectric  waveguide.  Are  established/installed  the  following  special 
featuras/peculiaritias  of  a  siailar  local  connection/coaaunication  of 
two  dielectric  waveguides. 

The  effective  directed  branching  of  energy  from  the  fundamental 
circuit  in  the  lateral  (with  the  decoupling  of  arms  on  the  order  of 
40  dB)  is  retained  in  the  broadband  (+—  20o/o)  despite  the  fact  that 
the  section  of  interaction  has  the  limited  length  (less  \0). 

The  branched  into  the  lateral  circuit  wave  is  cophasal  with  the 


wave,  which  is  propagated  in  the  fundamental  circuit 
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The  discovered  effective  kranching  of  energy  (i.e.  with  the 
"pimping"  to  S0o/a  the  energy  into  the  lateral  circuit)  occurs  with 
the  low  reflection  coefficients  in  the  region  of  the  branching  of 
waveguides  from  the  side  cf  all  four  aras  of  this  connection. 

The  qualitatively  cophasal  directed  branching  of  electroaagnetic 
energy  in  two  intersecting  dielactric  waveguides  can  be  explained  as 
follows. 
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In  the  section  of  their  intersection  occurs  a  change  in  the  guides  of 
the  properties  of  fundamental  waveguide,  and  this  local 
disturbance/pert urfcaticn  leads  tc  directional  radiation  of  the  part 
of  energy  from  the  fundamental  waveguide  to  the  side,  which  "is 
seized"  by  the  waveguide  cf  lateral  circuit  and  further  by  it  it  is 
transmitted. 

Taking  into  account  wave  structures  H01  in  the  metal-dielectric 
waveguida  and  dipole  type  wave  in  the  dielectric  waveguide,  it  was 
possible  to  expect  the  presence  cf  this  type  of  interaction,  also,  in 
the  intersecting  at  angle  metal-dielectric  waveguides.  Therefore  was 
realized  the  development  cf  the  directed  divider  on  the  line  of 
Tischer  with  the  use  of  the  described  above  phenomenon. 
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TWO-CHANNEL  DIRECTED  DIVIDER  CP  POWER. 

Three-leg  of  the  divider  of  power  SVCh  (for  example,  f-  and 
T-shaped  dividers  on  the  coaxial  line  or  rectangular  waveguide)  are 
not  directed,  the  output  arms  of  dividers  are  not  electrically 
isolated/insulated  from  each  other.  Experiment  of  the  development  of 
such  dividers  on  the  dielectric  waveguides  showed  [8,  9](that  dipole 
type  wave  is  transmitted  well  (in  th9  place  of  the  branching  off  of 
fundamental  waveguide)  onl/  by  b  those  arms  which  are  deflected  from 
the  fundamental  waveguide  at  small  angle.  In  the  arms,  deflected  from 
the  fundamental  circuit  at  angle  of  90«  and  more,  wave  virtually  dees 
not  pass.  Howevar,  for  the  series/row  of  uses/applications 
(fulfillment  of  diagram  by  printed  wiring,  wort  in  the  long-wave 
section  of  centimeter  band)  dielectric  waveguides  are  less  adapted 
than  metal- dielectric.  Therefore  was  carried  out  the  development  of  a 
Y-  directed  divider  also  cn  the  metal-dielectric  waveguide. 

The  schematic  of  a  Y-  divider  of  power  is  shown  in  Pig.  3. 

During  the  supplying  of  signal  into  arm  1,  power  (if  angle  2a  between 
arms  2  and  3  it  is  small)  it  is  divided  in  half  in  the  region  of  the 
symmetrical  branching  off  of  metal-dielectric  waveguide. 
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Pig.  3. 
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Since  branching  off  smooth  anc  the  wave  is  not  too  "strongly" 
connected  with  the  dielectric,  it  was  to  be  expected  that  (as  in  the 
dividers  on  the  dielectric  waveguides  the  condition  of  the  smallness 
cf  the  reflection  of  energy  in  the  region  cf  branching  off  is 
satisfied,  and  consequently,  occurs  the  directed  division  of  power. 
During  the  supplying  of  signal  into  arm  2  part  of  the  power 
(approximataly/a xeaplarily  half)  the  force  of  reciprocity  must  hit 
arm  1:The  remaining  power  partially  will  be  emitted  in  the 
direction,  close  to  the  direction  of  the  axis  of  arm  2,  and  partially 
it  will  be  reflected  from  the  heterogeneity  in  the  region  cf 
branching  off  and  will  appear  into  arm  3.  Taking  into  account  that 
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the  angle  8  between  arms  2  and  3  is  great,  it  was  to  be  expected  the 
negligibly  small  (in  comparison  with  the  primary  power,  the  subject 
into  arm  2)  branching  of  power  into  arm  3.  Thus,  arms  2  and  3 
dividers  must  be  isolated/insulated  from  each  other.  Similar  pattern 
by  the  force  of  the  symmetry  of  divider  must  occur,  also,  during  the 
supplying  to  power  into  arm  3. 

The  degree  of  the  isolatior  of  lateral  arms  2  and  3  from  each 
other  depends,  naturally,  and  cn  their  agreement  with  the  output 
circuits.  Thus,  during  the  supplying  of  signal  into  arm  2  (if  we 
disregard/neglect  the  distur tance/perturbation  of  the  wave  of  the 
region  of  branching  off,  which  is  correct  with  the  "weak 
connectedness"  of  wave  with  the  dielectric  strip)  the  account  of  the 
agreement  of  arm  2  with  the  output  circuit  gives  the  following 
obvious  expression  of  the  maximally  attainable  insulation  between 
arms  2  and  3: 

u  =»  10 lg [2(o 4-  l)(o— I)-1  l2,  </*• 


Here  •  -  VSWR  in  the  waveguide  cf  arm  1  from  the  side  of  arm  2. 

Thus,  for  obtaining  the  directed  division  with  the  insulation  it 
is  more  than  30  dB  between  arirs  2  and  3  it  is  necessary  tc  apply 
waveguide  transitions  with  VSRR,  at  least,  not  exceeding  1.1.  Let  us 
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cote  that  the  insulation  of  aras,  provided  by  the  discovered 
phenomenon,  substantially  above  and  the  actually  attainable  level  of 
insulation  is  limited  actually  by  reflection  in  the  aras  of  branching 
off.  Device/e guipeent  cf  one  cf  the  versions  of  the  developed 
two-channel  divider  together  vith  the  adapter  in  the  standard  section 
10x23  am*  is  shown  in  Pig.  4. 
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Fig.  4. 


Page  78. 

Fig.  5  gives  frequency  ones  the  characteristic  of  the  agreeaent  cf 
all  its  arms  (curves  1,  2 ,  3,  is  shewn  change  of  VSWH  in  the 
operating  range  for  lateral  aras  1,  2,  3)  .  Are  so  represented  curved 
4,  which  characterizes  insulaticn  between  aras  2  and  3  (obtained  with 
the  use/ application  of  the  described  above  adapters  from  rectangular 
waveguide  to  the  aetal-dielec trie) .  Weakening  the  signal  between  arms 
1-2  and  1-3  in  the  range  indicated  was  4.2*-0.3  dB.  Weakening  the 
signal  between  aras  2-1  and  3-1  was  retained  within  the  saae  limits. 
Certain  increase  in  the  weakening  (to  5-5.5  dB)was  observed  only  in 
the  sub-range  7,5-8  GHz.  This  is  caused  by  the  increase  here  of 
direct  radiation  from  the  metal-dielectric  waveguide.  At  the  higher 
eaission  frequencies  from  the  waveguide  again  sharply  fell.  The 
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results  of  aeasureaents  indicate  certain  disturbance/perturbation  of 
wave  near  the  branch  point,  since  total  7 SHE  at  the  input  of  each  of 
three  ares  exceeded  7SSR  cf  waveguide  adapters  theaselves.  Let  us 
note  that  in  the  aeasureaent  cf  7SBB  of  the  aras  of  divider  to  its 
all  reaaining  aras  were  connected  the  aatched  loads  on  rectangular 
waveguide  with  7S(f H  which  do  cot  exceed  1*05. 

For  deter lining  its  own  paraaeters  of  the  divider  of  power  it 
was  necessary  to  remove  effect  oc  the  insulation  of  the  aras  of  the 
divider  of  reflacticns  from  the  adapters  and  the  external  aatchad 
loads.  This  was  achieved/reached  by  the  introduction  of  the  aatched 
load  directly  to  aetal-dielectric  waveguide. 


aj3,03j  4*  a,s  sj 

(?) 


Pig.  5. 

Key:  (1)  dB.  (2)  VSHR.  (3)  GHz. 
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Load  was  fulfilled  in  the  fora  of  the  keys  frca  the  attenuating 
naterial  of  the  type  H-1,  forced  against  the  lateral  sides  of  the 
dielectric  of  aetal-dielectric  waveguide.  Cne  of  such  loads,  which 
ensured  vswa  in  the  range  7-1G.5  GHz,  not  exceeding  1.05,  it  is  shown 
in  Pig.  6.  An  improvement  in  the  insulation  of  arms  2  and  3  (upon 
transfer  in  arn  1  to  the  internal  aatched  load  is  characterized  fcy 
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curved  5  in  Fig.  5,  which  confirmed  an  essential  improvement  in  this 
case  in  the  mutual  insulation  of  lateral  arms. 

As  showed  investigations,  further  increase  in  the  insulation  of 
arms  blocks  the  connection/ccuunication  of  these  arms  on  the 
diffracted  field  in  the  regicn  cf  transition  from  the  metallic 
waveguide  to  the  metal-dielectric  (i.e.  direct  leak  in  this  place  for 
energy  of  one  lateral  arm  into  another).  For  eliminating  this 
connection/communication  between  arms  2  and  3  into  the  divider  of 
power  was  introduced  isolating  partition  from  the  absorbing  material 
of  the  type  H- 1  in  the  farm  of  key  (foundation  -  8  am, 
height/altitude  -  56  mm,  thickness  -  4  mm),  shown  in  Fig.  4.  The 
exception/a limination  of  direct  connection  of  arms  sharply  improved 
the  characteristics  of  the  divider:  maximum  insulation  in  the  range 
of  will  exceeded  46  dB,  and  minimum  increased  to  35  dB.  In  this  case 
total  t<SU//i  from  arm  1  to  the  place  of  the  branching  cff  of  arms  2  and 
3  was  below  1.08.  During  the  irtroduction  of  separating  key 
straight/direct  losses  to  divider  virtually  did  not  change. 

The  obtained  results  showed,  besides  the  fact  that  the  guarantee  of 
high  insulation  in  the  directed  divider  of  power  is  desirable  to  make 
the  region  of  transition  from  the  metallic  waveguide  to  the 
metal-dielectric  in  the  form  of  the  section  of  rectangular  waveguide, 
which  expands  in  a  H-  plane  (i.e.  seemingly  to  introduce  the  small//- 
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sectorial  matching  horn).  This  substantially  decreases  direct 
coupling  by  the  regions  of  exciting  the  arms  2  and  3  on  the 
diffracted  field,  and  consequently,  it  leads  to  the  high  decoupling 
of  these  lateral  arms  between  themselves. 


DOC  *  81082203 


PAGE 


Pig.  6. 
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